From the water-soluble portion of the methanol extract of coriander (fruit of Coriandrum sativum L.), which has been used as a spice and medicine since antiquity, 33 compounds, including two new monoterpenoids, four new monoterpenoid glycosides, two new monoterpenoid glucoside sulfates and two new aromatic compound glycosides were obtained. Their structures, were clarified by spectral investigation.
Coriander (Coriandrum sativum L.; Umbelliferae) is indigenous to the Mediterranean region and is now widely cultivated as a spice. Its culinary and medical uses have been documented for over 3000 years (Ebers papyrus of 1550 BC), it is an essential ingredient in curry powder, and is used in minced meat dishes, sausages, and stews.
1) The fruit is listed in the British, German, and European pharmacopoeias 2, 3) and has been used as a drug for indigestion, against worms, and as a component of embrocations for rheumatism and pains in the joints. 4) It contains an essential oil (up to 1%) constituted of (3S)-linalool (main, 60-70%), other monoterpenoids (citronellol, geraniol, myrcene, a-and g-terpinene, limonene, a-and b-phellandrene, p-cymene, aand b-pinene (Ϫ)-borneol, and camphor), and fatty acids (oleic, linolenic, and palmitic acids etc.). 4) However, to the best of our knowledge no report has been published on the constituents of the water-soluble portion of this fruit. In a continuation of our studies on the water-soluble constituents of spices, 5) and to show the relationship between the essential oil and the water-soluble constituent, we undertook a detailed investigation of this fruit. In this paper, we discuss the isolation and structure elucidation of monoterpenoid alcohols and its glucosides, norcarotenoid glucosides, an aromatic compound and its glycosides, alkyl glucosides, glucides, uracil, and nucleosides.
Commercial coriander was extracted with 70% methanol, and the methanolic extract was suspended in water and successively extracted with ether and ethyl acetate. The aqueous layer was chromatographed on Amberlite XAD-II to give water and methanol eluate fractions. The methanol eluate fraction was chromatographed on Sephadex LH-20 and then subjected to a combination of silica gel, Lobar RP-8 column chromatography, and HPLC to separate two monoterpenoid triols (4, 5) , seven monoterpenoid glycosides (1 to 3, 6 to 9), three norcarotenoid glucosides (10 to 12), an aromatic compound (17) , seven aromatic compound glycosides (13 to 16, 18 to 20), two alkyl glucosides (21, 22) , eight glucides (23 to 30), uracil (31), and two nucleosides (32, 33). Among them, 2 to 9, 18, and 19 are new. All new glucosides described in this paper were b-D-glucopyranosides as shown by their 1 Hand 13 C-NMR data (Tables 1, 2) , which was confirmed by hydrolysis yielding D- Ϫ ion peaks at m/z 861, 449, and 411 in the negative FAB-MS. Enzymatic hydrolysis of 2 gave (3S,6E)-8-hydroxylinalool (1a) as an aglycone, 9) and the presence of a potassium sulfate group in 2 was suggested by a positive result in the potassium rhodizonate test. 10, 11) From a comparison of its 1 H-and 13 C-NMR data with those of 1 (Tables 1, 2) , 2 was concluded to be the potassium sulfate of 1, and the position of the sulfate group was revealed to be C-3 of the glucose moiety by the downfield shift of H-3 (by 1.0 ppm) and C-3 (by 6.3 ppm) signals and the upfield shift of C-2 (by 2.0 ppm) and C-4 (by 1.6 ppm) signals of the glucosyl moiety. From these results, 2 was determined to be (3S,6E)- ) and D-glucose. Although 3 showed one peak in HPLC, this was suggested to be a mixture of two isomeric compounds in a ratio of 2 : 1 from the NMR data of 3 and 3a (Tables 1, 2) . From a comparison of its 1 H-and 13 C-NMR data with those of 1 and analysis of the heteronuclear multiple bond connectivity (HMBC) spectrum (see Experimental), the planar structure of the aglycone of 3 was suggested to be 8-hydroxy-6,7-dihydrolinalool, and the position of the glucosyl unit was found to be C-3 of the aglycone. In our previous paper, 12) we reported the isolation of (6E)-8-hydroxylinalool 3-O-b-D-glucopyranoside (34) which gave an aglycone with negative optical rotation (34a; [a] D 21 Ϫ12°) contrary to that of 1 (1a; [a] D 21 ϩ16°), and 34 was found to have the 3R configuration. Thus the absolute configuration at C-3 of 3 was indicated to be S. As the glycosylation shift values of C-2, C-3, C-4, and C-10 of 3 showed identical values to those of 1 which has the 3S configuration [C-2 (3, Ϫ2.6; 1, Ϫ2.5), C-3 (3, ϩ7.8; 1, ϩ7.7), C-4 (3, Ϫ1.1; 1, Ϫ1.1), C-10 (3, Ϫ5.0 and Ϫ4.9; 1, Ϫ4.9)], and the glycosylation shift values of C-4 and C-10 of 3 showed an obvious difference between the values of 34 which has the 3R configuration [C-4 (3, Ϫ1.1; 34, Ϫ2.4), C-10 (3, Ϫ5.0 and Ϫ4.9; 34, Ϫ4.3)], the absolute configuration at C-3 of 3 was concluded to be S. Therfore, 3 was characterized as an epimeric mixture of (3S)-8-hydroxy-6,7-dihydrolinalool 3-O-b-D-glucopyranoside at C-7.
Monoterpenoid were obtained from the hydrolyzed mixtures. Consequently, 6 and 7 are monoglucosides of 4 and 5. The position of the bglucosyl unit of both glucosides was confirmed to be C-3 from the HMBC correlation of glucosyl H-1/C-3 in the HMBC spectrum of 6. Previously, we reported the isolation of 6,7-dihydroxy-6,7-dihydrolinalool 3-O-b-D-glucopyranoside (35), which has the same planar structure as 6 and 7. 13 site optical rotation to 5. Consequently, 5 and 35a were both enantiomers. The absolute configuration at C-3 of 4 to 7 was determined by comparison of the glycosylation shift values of the a-and b-carbon between 1, 3, 6, 7, 34, and 35. The glycosylation shift values of C-2, C-3, C-4, and C-10 of 6 and 7 showed identical values to those of 1 which has the 3S configuration (Table 2) , and the glycosylation shift values of C-4 of 6 and 7 showed an obvious difference between the values of 34 and 35 which have the 3R configuration (6, Ϫ1.6; 7, Ϫ1.3; 34, Ϫ2.4; 35, Ϫ3.7). Then the absolute configuration at C-3 of 4 to 7 was concluded to be S. It has been reported that the (3R,6R)-and (3R,6S)-forms of 6,7-dihydroxy-6,7-dihydrolinalool show positive {[a] D 20 ϩ25.5°( CHCl 3 )} and negative {[a] D 20 Ϫ15.9°(CHCl 3 )} optical rotation, respectively. 14) Because 4 and 5 showed negative and positive optical rotations, respectively, 4 and 5 should be the (3S,6S)-and (3S,6R)-forms. Therefore 4, 5, 6, and 7 were characterized as (3S,6S)-6,7-dihydroxy-6,7-dihydrolinalool, (3S,6R)-6,7-dihydroxy-6,7-dihydrolinalool, (3S,6S)-6,7-dihydroxy-6,7-dihydrolinalool 3-O-b-D-glucopyranoside, and 6, 7, 18) apiose was confirmed to be the D-form. Therefore 9 was characterized as (1R,4S,6S)-
Norcarotenoid (Tables 1, 2) , and the position of the sugar unit was indicated to be C-2Ј by the HMBC correlation of glucosyl H-1/C-2Ј in the HMBC spectrum. Thus 18 was characterized as 1Ј-(4-hydroxyphenyl)ethane-1Ј,2Ј-diol 2Ј-O-b-D-apiofuranosyl-(1→ 6)-b-D-glucopyranoside. As 17 showed a positive optical rotation value that was the same as that of synthetic (1ЈS)-1Ј-phenylethane-1Ј,2Ј-diol, 25) the absolute configuration at C-1Ј of 17 and 18 was considered to be S. From the analysis of the HMBC spectrum (see Experimental), the aglycone of 19 was indicated to be 1Ј-(4-hydroxy-3,5-dimethoxyphenyl)propan-1Ј-ol, and the position of the glucosyl unit was C-4. As 19a showed a positive optical rotation value that was the same as that of (1R)-1-phenyl-1-propanol, 26, 27) the absolute configuration at C-1Ј of 19 was suggested to be R. The ingredient relationship between the essential oil and the water-soluble constituent was confirmed by the isolation of glucosides of (3S)-linalool derivatives from the polar fractions.
Experimental
Melting points were determined on a Yanagimoto micromelting point apparatus and are uncorrected. Optical rotations were measured on a JASCO DIP-370 digital polarimeter. FAB-MS were recorded with a JEOL HX-110 spectrometer using glycerol as matrix. was done in the usual way using Ac 2 O and pyridine. No acetoxyl group was detected by NMR spectral analysis of the materials prior to acetylation. Extraction and Separation Commercial coriander (the fruit of C. sativum L., purchased from Asaoka Spices Ltd., lot no. 99012001, 7.0 kg) was extracted with 70% methanol (10 lϫ4) for 2 weeks, and the extract (363.6 g) was partitioned into ether-water and ethyl acetate-water, respectively. The aqueous portion (278.1 g) was chromatographed over Amberlite XAD-II (H 2 O→MeOH) to give water eluate (238.1 g) and methanol eluate (40.0 g) fractions.
The Enzymatic Hydrolysis of 1 A mixture of 1 (10 mg) and b-glucosidase (5 mg, TOYOBO Co. Ltd., lot 93240) in water (5 ml) was shaken in a water bath at 37°C for 5 d. The mixture was concentrated in vacuo to dryness and the residue was chromatographed over silica gel [CHCl 3 -MeOH (9 : 1)] to afford the aglycone 1a (3 mg Table 2 .
Enzymatic Hydrolysis of 2 A mixture of 2 (6 mg) and cellulase (5 mg; Tokyo Kasei Kogyo Co. Ltd., lot FGG01) in water (5 ml) was shaken in a water bath at 37°C for 14 d. The mixture was treated in the same way as described for 1 to afford the aglycone 1a (1 mg).
Detection of the Sulfate Group in 2 and 8 A solution of 2 and 8 (2 mg of each) in aqueous 2 N HCl (1 ml) was heated for 2 h, neutralized with diluted NaOH, and evaporated to dryness under reduced pressure. The residue was subjected to paper partition chromatography and developed with a MeOH-H 2 O (9 : 1) mixture. After drying in air, the paper was sprayed with a solution of BaCl 2 (20 mg) in 70% methanol (10 ml) and dried again in air. The paper was then sprayed with a solution of potassium rhodizonate (5 mg) in 50% methanol (25 ml Table 2 . HMBC Correlations: H 2 -1/C-2, C-3; H-2/C-3, C-4, C-10; H 2 -4/C-2, C-3, C-5, C-6, C-10; H 2 -5/C-3, C-4, C-6; H 2 -6/C-4, C-5, C-7, C-8, C-9; H 2 -8/C-6, C-7, C-9; H 3 -9/C-6, C-7, C-8; H 3 -10/C-2, C-3, C-4; Glc H-1/C-3.
Enzymatic Hydrolysis of 3 A mixture of 3 (5 mg) and hespiridinase (5 mg; ICN Biomedicals Inc., lot 72635) in water (5 ml) was shaken in a water bath at 37°C for 3 d. The mixture was concentrated in vacuo to dryness and the residue was chromatographed over silica gel [ Tables 1 and 2; 13 mg] and b-glucosidase (5 mg) in water (5 ml) was shaken in a water bath at 37°C for 7 d. The mixture was treated in the same way as described for 1 to afford the aglycone 34a (6 mg 
